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Bentley turns over chairmanship 
Dean and Director 0 . G. Bentley, left, retiring chairman of the Great 
Plains Agricultural Council, congratulates Arthur Schulz, Director of 
Extension in North Dakota and newly elected council chairman. Also 
on the executive committee for 1964 are Olaf Anderson, Bison, S. D., 
(second from left) chairman of the South Dakota ASCS committee and 
John Muhlbeier, Lincoln, N eb., executive secretary. The Great Plains 
Council, which is made up of agricultural leaders from a dozen agencies 
in the 10 Great Plains states, wound up sessions in Lincoln last month. 
At the opening session of the Council meeting, Dean Bentley chal-
lenged members to develop answers to problems and evolve and test 
proposals that will bring new horizons to the Plains in the next 10, 20, 
and 50 years. 
"The people we serve look to us to help set into motion programs 
that will provide continued improvement in the social and economic con-
ditions of the plains states," Dr. Bentley said. "In short, that will help 
people adust and meet competition in the market place, improve their 
standard of living and in general make the plains a better place to live." 
"The council's inception 30 years ago resulted from an emergency-
a disaster in the plains. Today the motivation is a broad program in which 
the council through its various committees seeks to bring together the 
many agricultural activities concerned with the development of the 
Plains. Our annual meetings are not designed to promulgate special 
programs, not to foster a particular point of view. We do seek to explore 
possible new avenues for meeting plains problems by mobilizing all the 
resources available to us," Dr. Bentley said. 
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Tillage 
corn 
By FRE D Sttu BECK, associate 71rnfessnr nf cwronomy 
MINIMUM tillage refers to any metho<l that reduces the amount of operations involved in growing corn compared to conventional methods. Most of these 
"short cuts" center around seedbed preparation but some methods also influence 
the number of required cultivations later in the growing season. 
Minimum tillage methods can be grouped into four systems : 
1. Wheel track planting 
2. Hard ground listing 
3. Plow plant 
4. Strip processing 
Other methods presently used are combinations or minor variations of the 
basic four. Rotary tilling, for example, does not fit into the above grouping. This 
is a "once over" but not necessarily a minimum tillage method, because soil is 
uite thorough! y tilled . 
Some of the basic methods are old and some are new. Older methods, dis-
edited or discarded years ago now hold promise when combined with new se-
tive weed killers and fertilizers. Minimum tillage is not a cure-all for all prob-
s in raising corn. Each method has its own merits, its own problems, and its 
limitations. Most of the problems are either not very serious or not difficult 
to ercome. The following pages present a summary of the more important as-
pect f these methods. 
wheel i:rack plani:ing 
This is probably the most "fool 
proof" of any of the four systems. 
The planter shoes run in the tracks 
made by packer wheels or tractor 
wheels. There are several ways of 
adapting machinery for wheel 
track planting. For a four row 
planter, the front wheels of the 
tractor can be extended to track in 
the two outside rows and the two 
rear wheels set in to track the two 
inside rows. Another method is to 
bolt another pair of wheels to the 
rear tractor wheels with metal 
drums or pipes used as spacers to 
keep the extra wheels at the proper 
distance. 
No Extra Wheel Tracks 
Corn planters with carrier 
wheels that make tracks in addi-
tion to those in the corn row are 
not well suited for wheel track 
planting. The extra tracks stimu-
late weed growth that would nor-
mally be retarded in loose plowing 
until the corn is a foot or more 
high. Some farmers, in their first 
attempt at using this method are 
reluctant to try to plant in the un-
disturbed plowing. Instead they 
lightly disk or drag the field fi~st. 
This is a mistake because any till-
age, no matter how light, will 
pack the plowed soil and stimulate 
weed growth. 
Plant Soon After Plowing 
It is best to plow and plant the 
same day. In some instances a six 
hour delay may have serious con-
sequences. At the Menno Research 
Farm in 1957, a hot, dry, 30-mile-
per-hour wind started early in the 
morning shortly after the plots 
were plowed. By evening, the sur-
face soil exposed to the wind was 
so hard and cloddy that the tractor 
wheels were not heavy enough to 
press the clods together to make a 
good seedbed. 
Wheel Track Planting and Weeds 
Weeds are generally easier to 
control with wheel track planting 
than with other minimum tillage 
methods. However, there is one 
serious problem in weed control in-
herent to the wheel track planting 
method. Weeds are quick to grow 
and difficult to control in the 
wheel tracks but are slow to come 
in the loose plowing between the 
corn rows. Therefore, an early cul-
tivation is necessary to kill the 
weeds in the wheel track while a 
delayed cultivation will kill the 
weeds between the rows. 
Corn may be a foot or more high 
before weeds in the loose plowing 
need cultivation . A pre-emergence 
band spray applied over the wheel 
tracks has proved to be a successful 
method of overcoming this objec-
tionable feature. The band spray 
controls weeds in the row close to 
the corn and eliminates the neces-
sity for an early cultivation. By ap-
plying the spray in a narrow band, 
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costs are materially reduced and 
cultivation can be delayed until 
weeds begin to emerge in plowing 
between the rows. 
Annual Weeds Not a Problem 
Annual weeds were not difficult 
to control. Three different peren-
nial weeds were encountered in the 
m1111mum tillage experimental 
plots : field bindweed, Canada 
thistle, and quack grass. It was sur-
prising to note that quack grass 
was not a serious problem with 
wheel track planting. When the 
planting season was dry, plowing 
gave quack grass a setback and it 
was slow to recover in the loose dry 
plowing. 
· The pre-emergence band spray 
effectively held it in check in the 
wheel tracks. The first cultivation 
was sometimes difficult because 
the conventional shovels merely 
pushed aside the clumps of sod. 
Narrow shovels without wings 
were more effective for penetration 
and for pulling the quack grass 
roots to the surface to dry out and 
die. If perennial grassy weeds are 
present, a pre-emergence band 
spray is essential. If the soil be-
tween corn rows is soddy and clod-
dy, it is very difficult to roll in 
small amounts of soil with the cul-
tivator shovels to cover the weeds 
in the row without covering the 
corn. 
Canada thistles and field bind-
weed were difficult to control. At 
the 3 pound rate of application, 
simazine and atrazine applied in a 
band had little or no effect on these 
weeds. However, 2,4-D with drop 
nozzles and leaf lifters should give 
some measure of control. 
Do A Good Job of Plowing 
All weeds and organic matter 
should be well turned under. If this 
is not carefully done, weeds and 
debris catch on the planter shoes. 
Adjust the plow so that it will 
stay at a uniform depth. With 
stony soils this is practically impos-
sible. If the depth of plowing var-
ies, seed is often planted at a vari-
able depth and an uneven stand 
results . 
This leads to many cultivator ad-
justments when attempting to cul-
tivate corn of different heights. 
Make sure all plow bottoms cut 
at a uniform depth. If one bottom 
runs deep, making a ridge and the 
other shallow, making a trough, it 
requires an increase in cultivator 
adjustments to kill the weeds. 
Moisture Conservation 
In 1959, soil moisture samples 
were taken to a depth of 5 feet from 
2 minimum tillage experiments in 
Brookings County. Both experi-
ments were on a Vienna loam soil. 
Inches of available water were aver-
aged for the two locations and are 
presented in table 1. 
Table 1. Effect of Method of Planting 
Corn on Inches of A vai1able Soil Water 
in 5 Foot Profile July 1, 195'9 
Planting method 
Inches of 
available soil 
water average 
of 2 locations 
Conventional ____________________________ 2.4 
Strip processed __________________________ 1 :6 
H ard ground listed __________________ 1.8 
Wheel track ____________________________ 2.4 
Soil moisture measurements 
were made on July 1 because the 
minimum tillage treatments re-
quired cultivation by this date. Af-
ter the first cultivation, the differ-
hard ground lisl:ing 
This method refers to listing 
corn in unplowed ground. It is a 
"once over" planting method 
which saves time and expensive 
land preparation costs as shown in 
figure 1, page 9. 
Cultivation a nd Weed Problems 
Hard ground listing was a sur-
prisingly quick and easy way to 
plant corn. Problems began, how-
ever, after planting. Grassy weeds 
were particularly troublesome. In 
one field volunteer rye growing on 
top of the ridges was difficult to 
control. Noxious weeds presented 
a special hazard. If quack grass was 
present, hard ground listing was 
not very successful without the use 
of an effective spray. The reduced 
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ences in roughness of seedbed, etc. 
of the different treatments would 
be minimized . This amounted to 
an interval of a little over a month 
between planting date and soil 
sampling date in which the differ-
ent planting methods could influ-
ence the amount of water stored in 
the soil. A little less than 2 inches of 
rain fell during this period . 
On these two locations, mini-
mum tillage methods did not in-
crease the water stored in the soil 
during the interval tested. The soils 
at both locations, however, were 
medium in texture, had excellent 
structure, were high in organic 
matter, and were located on near-
1 y level topography. All of these 
soil characteristics are favorable for 
rapid water infiltration. With 
heavy, slowly permeable soils on 
steeper slopes, the rough seedbed 
associated with minimum tillage 
methods should reduce run-off es-
pecially if the tillage followed con-
tour lines. 
number of tillage operations offer-
ed little or no control of noxious 
weeds. In general, the more mini-
mum the tillage, the more maxi-
mum is the need for sprays to ef-
fectively control weeds. 
If there are many tap rooted 
weeds 2 or more inches in height 
at planting time, it is best to disk 
the seedbed before listing. If this is 
not done, the lister shovels cannot 
cover the weeds in the center 
ridges. Weeds on top of the ridges 
are difficult to control. A spike 
tooth harrow may help but if the 
weeds are too tall to cover with the 
lister .they are usually too well es-
tablished to be killed with a drag. 
A lister cultivator, set to throw soil 
away from the corn row for the 
first cultivation, was not very effec, 
tive for controlling these ridge top 
weeds. A conventional cultivator 
with 12-to-14-inch-wide sweeps 
running down the center of each 
ridge was more successful. The 
second cultivation with the lister 
cultivator, when the soil was 
thrown in toward the plant by 
breaking the center ridges, was 
sometimes difficult. The disks 
penetrated satisfactorily, but the 
hard packed, unplowed soil in the 
ridges made it difficult to keep the 
disks running in the center of the 
ridge, to throw soil equally toward 
each corn row. 
Rocky soils were very objection-
able because, as the lister shovels 
slid around a rock so did the corn 
rows, making them crooked. 
When this occurs, one of the 
crooked rows may be so close to an 
adjoining straight row that a sec-
tion of one of them will be culti-
vated out. 
Getting a Stand 
Several farmers and research 
workers have reported difficulties 
in obtaining good stands of corn 
with the lister. Some listers do not 
pack the soil firmly over the seed . 
With poor seed-soil contact, germi-
ation is slow. A light rain is usually 
enough to firm up the seedbed and 
make satisfactory seed-soil contact. 
A heavy rain may wash soil down 
from the ridges and bury the small 
seedlings, or wash them out com-
pletely if the lister furrows are up 
and down hill. 
In the experimental trials on lev-
el land, getting a good stand was 
not a serious problem. Good stands 
were obtained every year. 
Slow Start 
Early growth is sometimes slow 
in listed corn, compared to corn 
planted by conventional methods. 
This is more noticeable in cold wet 
springs and in shallow soils that de-
crease sharply in fertility with 
depth. Fertilizer will help to over-
come this disadvantage but it cre-
ates new problems especially per-
taining to placement. 
Fertilizer Probtem,s 
Broadcast applications of phos-
phorus prior to listing have not 
been a satisfactory way of fertiliz-
ing hard-ground listed corn. When 
phosphorus is broadcast on the sur-
face, the lister moldboards push it 
up high into the middle ridges 
where the plants are unable to use 
it early in the season. Phosphorus 
does not readily move from this lo-
cation down into the root zone. It 
is one of the most immobile of soil 
macronutrients. It may move less 
than 2 inches in an entire growing 
season. 
In one experimental plot in 
Brookings County, the top 4 inch-
es of soil were deficient in phos-
phorus and the soil below was very 
deficient. Phosphorus fertilizer was 
broadcast on the surface, the lister 
shovels pushed it to the center 
ridges and the corn was planted 4 
to 6 inches below the surface in soil 
that had the lowest possible phos-
phorus supplying ability. As a re-
sult, every corn plant was stunted 
in growth and was purplish in col-
or indicating a severe phosphorus 
deficiency. The young corn plants 
were severely retarded until the 
second week in July. By this time, 
roots were evident! y able to recover 
some of the fertilizer. 
Not Serious in Some Soils 
This problem is not so serious for 
soils high in phosphorus or for 
those that receive phosphorus ferti-
lizer applications every year. With 
annual applications, residual carry 
over may be enough to satisfy the 
plant's early needs. Nitrogen 
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moves through the soil more rap-
id! y than phosphorus so its place-
ment is not such a serious consider-
ation. 
Most conventional furrow open-
ers for fertilizer application were 
not too satisfactory. Disc, shoe, and 
disc-shoe combinations have been 
tried. It was difficult to get penetra-
tion 2 inches below the seed. Crop 
residues and moist soil collected in 
front of the openers, plugging the 
fertilizer delivery tubes. An experi-
mental opener was devised that 
worked well in 1962. It consisted 
of a narrow tool, shaped like a min-
iature subsoiler, mounted on a solid 
shank with a boot attached at the 
rear. This penetrated easily in hard 
unplowed soil and gave less trou-
ble from collecting debris. Ferti-
lizer was funneled through the 
boot and fell in place behind the 
opener point 2 inches to one side, 
2 inches below the seed . It was 
attached by removing one of the 
seed covering discs and bolting the 
fertilizer applicator to the bracket 
originally intended for the seed 
covering disc shank. The seed was 
covered adequately by increasing 
the angle or approach on the re-
maining covering disc so that it 
threw more soil on the seed. 
Cropping Sequence 
Corn can be hard-ground listed 
after any crop but in some instances 
the extra trouble and work make 
this practice undesirable. If corn is 
to follow alfalfa, sweet clover or 
grasses, it is best to plow first. 
Hard ground listing works fair-
I y well with continuous corn. At 
the Menno Substation corn was 
grown continuously for 5 years 
with no serious mechanical trouble. 
Each year corn was listed in the 
c~nter between the rows of the pre-
vious year's corn stalks. No impor-
tant difficulties were encountered 
during planting and good stands 
were obtained every year. Howev-
er, old corn stalks and roots were 
troublesome for the first cultiva-
tion. Several different types of til-
lage mm1m1ze this objectionable 
feature. A conv.entional cultivator 
pulled up the old corn roots and 
covered the new corn seedlings. A 
rotary hoe was not effective. A list-
er cultivator worked fairly well but 
clumps of roots were not broken 
plow planting 
This method usually refers to 
plowing and planting in a once ov-
er operation. A single row planter 
can be bolted to the plow frame. If 
enough power is available, a 2-row 
rig can be put together with the 
planter following a fertilizer car-
rier whose wheels are spaced 40-
inches to pack soil in the rows. The 
figure above shows the plow plant 
set-up used in experimental trials in 
South Dakota. 
Mechanical Problems 
An elaborate combination of 
machinery is not necessary for this 
planting method . The experimen-
tal model, above, shows a one-row 
set up that is simple, but works 
well. The double disc openers 
cut through roots or organic 
matter with a minimum of plug-
ging. The press wheel packs the 
soil firmly around the seed. How-
~ver, if the plow varies in depth of 
cut, the depth of seeding also var-
ies and the stand may be uneven. If 
up. A spike tooth harrow with new 
long sharp spikes worked quite 
well to break up old corn roots, lev-
el the center ridges and drag down 
soil to cover the small weeds in the 
furrows. A flexible tine harrow 
soil is too wet or too dry for opti-
mum plowing conditions, the 
planter will not function properly. 
A press wheel mounted in front of 
the disc openers would aid in mak-
ing a better seed bed for the corn 
row. To do this the planter would 
have to be moved back 1 or 2 feet . 
This would increase the lateral, or 
whip action, if the planter was 
bolted to a mounted free floating 
plow. Side movement may be 
enough to damage the drive wheel 
on the planter if the plow slides 
around a rock. 
There is always the question 
about cultivating with a 2 or 4 row 
cultivator, corn that was planted 
with a 1 row planter. By carefully 
holding the right rear tractor 
wheel against the furrow wall, the 
variation in corn row spacing will 
be small. Actual measurements 
have shown less than 2 inches of 
variation in row width when the 
tractor was driven by an unskilled 
7 
was also satisfactory for the first 
tillage after planting. 
Fewer problems were encoun-
tered when the corn was listed in 
small grain stubble, but for the be-
ginner, soybean land is a good 
place to start. 
driver. When a 13-inch pre-emer-
gence band spray is applied over 
the row, cultivator shovels could be 
moved out far enough so that a var-
iation in row width of two times 
the amount mentioned above 
would not interfere with cultiva-
tion. 
Weed Control 
This system is similar to wheel 
track planting regarding weed 
problems. However, the packer 
wheels on the corn planter are 
much narrower in width than trac-
tor wheels so the area of rapid 
weed growth is minimized. This is 
more important for weed control 
than a casual observation would in-
dicate. 
It is important to break up clods 
with a drag or other light tillage 
tool when the soil moisture content 
is just right. When the clods are 
broken up, weed control will be 
easier with subsequent cultivations. 
st:rip processing 
Strip processing refers to any 
method where only a narrow strip 
of soil is thoroughly worked . The 
machine in the figure above has a 
narrow blade running deep to loos-
en the soil, a wide blade running 
shallow to kill the weeds between 
the rows and a section of rotary hoe 
to work up the soil in the row. 
The advantages of this method 
are similar to those of hard ground 
listing. Good stands were obtained 
in every experiment. 
This machine was used in hard, 
untilled soil. It was difficult to hold 
the tillage sections at a uniform 
depth if the soil was hard, dry or 
stony. Straw and weeds collected 
and bunched up in front of the till-
age units. On disced cornstalks this 
was not a problem. Weeds were 
about as difficult to control as in 
the hard ground listed plots. The 
t h i n sweeps did not produce 
enough soil turbulence between the 
rows to provide good weed control. 
Strip processing would work better 
in fall or spring plowed land. 
yield and cost: comparisons 
In the corn plots that followed 
small grain ( see table 2), soil mois-
ture was deficient, rocks and quack 
grass were present, and there was a 
phosphate deficiency. T w e n t y 
pounds of N and 20 pounds of P20 r. 
per acre were broadcast and left on 
the surface. Corn yields with wheel 
track planting were comparable to 
those with conventional methods. 
Other minimum tilllage methods 
were not as successful. This was due 
in part to improper phosphate 
placement for these methods and 
lack of weed control. 
The spray treatment increased 
corn yields with all methods of 
planting. At the location where 
corn followed corn, the soil fertili-
ty level was high from manure ap-
plications. Soil moisture was more 
Table 2. Effect of Planting Methods and Pre-emergence Spray on Corn Yields, 
Brookings County, 1959 
Planter method 
Conventional 
Conventional 
Strip processed 
Strip processed 
H ard ground listed 
H ard g round listed 
Wheel track 
Wheel track 
Spray 
treatment* 
After small grain After corn 
bu./ acre bu./ acre 
Spray ______________ ·- ------------------------------ 32.3 
No spray ·---------------------------------------- 24.0 
Spray ---------------------------------------------- 17.2 
N o spray ------ ---------------------------------- 12.2 
Spray ________________________________________________ 18. 4 
No spray ------ ---------------------------------- 17.1 
Spray __ -------------------------------------------- 31.9 
No spray ---------------------------------------- 29.1 
43.5 
29.4 
31.3 
18.4 
46.8 
44.2 
40.1 
32.2 
* Atrazine 50 W applied in a 13 inch band a t 2 lb~. active ing red ient pe r ac re ac tua ll y covered 
by th e spray. 
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favorable and corn yields were 
higher. Both wheel track planting 
and hard ground listing resulted in 
yields comparable to those with 
conventional methods. Strip pro-
cessing yields were not as high as 
with other methods. There was a 
striking effect on yield from the 
pre-emergence band spray. 
In 1960 the plow plant method 
was substituted for the strip pro-
cessed treatment ( see table 3). Rain-
fall was more favorable and corn 
yields in most plots were higher 
than in 1959. Yields with plow 
plant and wheel track methods 
compared favorably with the con-
ventional method. Hard ground 
listing was not as successful this 
year primarily due to a weed prob-
lem and to volunteer rye. If these 
plots had been disced before plant-
ing, the weed problem would 
not have been so severe. 
A pre-emergence band spray 
was again effective for increasing 
corn yields. Each plot received 
three cultivations. The treatment 
with the least amount of tillage had 
the greatest need for a pre-emer-
gence spray. 
In previous years most of the 
yield differences attributed to 
planting methods were actually 
due to different degrees of weed 
control. Therefore, an over-all 
spray treatment was included in 
1961 in an attempt to measure any 
possible differences due to the 
method of planting itself rather 
than to different degrees of weed 
control. With an over-all spray 
there was very little difference in 
yield between the different mini-
mum tillage methods ( see table 4). 
The band spray was nearly as ef-
fective for increasing yields as the 
over-all spray with all treatments 
except hard ground listing. Un-
sprayed plots yielded considerably 
less than sprayed plots. Soil fertili-
ty was adequate from previous ap-
plications of manure and commer-
cial fertilizer. All plots received 
two cultivations. 
Table 3. Effect of Planting Methods and Pre-emergence Spray on Yield of Corn, 
Brookings County, 1960 
Planting method 
Conventional 
Conventional 
Plow Plant 
Plow Plant 
Hard ground listed 
Hard ground listed 
Wheel track 
Wheel track 
Spray 
treatment* 
Bushels of corn 
per acre 
Spray ------------------------------------------------------------ 7 3 .9 
~~asray _:::::::::::::::::::::::::::::::::-::::::::::::::::::: ~~:~ 
No spray ------------------------------------------------------ 68. 7 
Spray ------------------------------------------------------------ 52. 7 
No spray ------------------------------------------------------ 3 7. 4 
Spray ------------------------------------------------------------ 7 6.6 
No spray ------------------------------------------------------ 68.1 
*Sinazine 80W at the rate or 3 lbs. or materi al (2.4 lbs. active ing redient) per acre actuall y cov-
ered by th e spray applied in a 13 inch band over th e row at time or seeding. 
Table 4. Effect of Planting Methods and Pre-emergence Spray on Yield of Corn, 
Brookings County, 1961 
Planting method 
Conventional 
Conventional 
Conventional 
Plow Plant 
Plow Plant 
Plow Plant 
Wheel track 
Wheel track 
Wheel track 
H ard ground list 
Hard ground list 
Hard ground list 
Spray 
treatment* 
Bushels of corn 
per acre 
No spray ------------------------------------------------------ 58.2 
Band spray -------------------------------------------------- 84 .1 
0 v er -a 11 spray -------------------------------------------- 8 5 .4 
No spray -------------------------------· ______________________ 77 .6 
Band spray -------------------------------------------------- 86.4 
Over-all spray ---------------------------------------------- 83.3 
No spray ------------------------------------------------------ 67 .8 
Band spray -------------------------------------------------- 86.1 
Over-all spray ---------------------------------------------- 81 .4 
No spray ------------------------------------------------------ 60. 7 
Band spray -------------------------------------------------- 72.4 
0 v er -a 11 spray ---------------------------------------------- 81.3 
*Simaz ine 80W at 3 lbs. or m ate rial per ac re actuall y covered by th e spray app lied in a 13 inch 
band over the row at time or seeding . . 
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LAND FITTING AND CORN PLANTING COSTS 
IN DOLLARS PER ACRE 
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Figure l. Effect of Minimum Tillage Systems on Cost per Acre for 
Planting Corn. 
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I RATE: 
its effect on cartoene and vitamin A 
by L.B. EMBRY, 
professor of animal science, and 
R. J. EMERICK, 
associate professor of hi,ochemistry 
MANY CATTLE fulfill their vita-min A needs by converting 
carotene, which occurs naturally 
in plants, to vitamin A. Yellow 
corn is only a fair source of carotene 
and other grains contain practically 
none, but good quality forages and 
pasture grasses contribute large 
amounts of the provitamin to the 
ration. 
Poor performance of cattle has 
sometimes been attributed to sub-
optimum vitamin A nutrition. 
While this would seem unlike! y on 
high-roughage rations, the current 
trend toward the use of rations con-
taining a large proportion of grain 
tends to make this more likely. An-
other factor thought to have an ad-
verse effect on the vitamin A status 
of livestock is the high nitrate level 
which sometimes occurs in forages. 
Work conducted by the Station 
Biochemistry and Animal Science 
Departments at South Dakota 
State college in an attempt to study 
the effect of nitrate on carotene sta-
bility in feeds and its effect on the 
vitamin A status of animals is re-
ported here. 
Laboratory Studies 
Laboratory studies were con-
ducted to determine if nitrate or 
certain of its reduction products are 
capable of causing a destruction of 
carotene. 
In buffered solutions in test 
tubes, nitrate did not appear to de-
stroy Carotene under a variety of 
conditions. However, nitrite, a re-
duction product of nitrate, rapidly 
destroyed carotene under acid con-
ditions. At a pH of 6.25 and above, 
little effect of nitrite was observed. 
As pH values of the solutions de-
creased, i.e., became more acid, de-
struction increased. Apparently 
only moderately acid systems are 
required to enhance the effect of 
nitrite on carotene stability. 
A mixture of nitrogen oxides is 
formed on acidifying nitrite, and 
both nitric oxide and nitrogen te-
troxide were found to destroy caro-
tene. However, the possibility that 
other gaseous nitrogen oxides or 
nitrite itself were causing the de-
struction under the conditions of 
these studies was not eliminated. 
To determine the possible signi-
ficance of these findings, experi-
ments were conducted to study car-
otene stability in corn silage, in ru-
men fluid and in abomasum con-
tents. 
Corn silage : The data from corn 
silage are shown in figure 1. Under 
conditions of this experiment, car-
otene losses increased with increas-
10 
ed nitrate additions and continued 
beyond the first week. For the low-
er level of added nitrate, however, 
it appears that the effect was re-
stricted to the first week of storage 
since the loss of carotene during the 
second week was about the same as 
for the control. It is well known 
that nitrate in silage is converted to 
several products which include ni-
trite, nitric acid, and nitrogen te-
troxide. Since silage fermentation 
results in an acid material, the loss-
es experienced here could have 
been due to the action of either ni-
trite or nitrogen oxides. 
S e v e r a l f a ctors, including 
drought and frost, hinder plant 
growth and are known to increase 
chances of producing forage hav-
ing a high nitrate content. The loss 
of carotene from silage during the 
ensiling process and storage, while 
normally of little consequence, 
could possibly be of concern dur-
ing a year in which much drought-
stricken corn or similar material 
having a high nitrate content is en-
siled. 
Rumen fluid : Nitrate, incubated 
with rumen juice in an artificial ru-
men apparatus, results in rapid ac-
cumulation of nitrite as shown in 
figure 2. In this instance, the fer-
mentation was conducted under 
r 
pH conditions near neutrality. No 
significant difference in carotene 
content was observed between the 
control and the nitrate treatments. 
The rumen is the "fermentation 
vat" of the ruminant digestive 
tract and is normally maintained at 
a pH around neutrality. Although 
an acid pH in the rumen is known 
to exist under some conditions, 
other studies at this station have 
shown that reduction of nitrate to 
nitrite is negligible below about 
pH 6. It appears that the possibility 
of a significant effect of nitrites in 
causing carotene losses within the 
rumen is slight. 
Abomasum contents: The abo-
masum, which is the gastric or 
"true stomach" of the ruminant, is 
normally acid due to the presence 
of gastric secretions. The addition 
of nitrite to abomasum contents 
from sheep (pH 3.0) caused al-
most complete carotene destruc-
tion even though the carotene was 
added in an oil which was not mis-
cible with nor complete! y emulsi-
fiab le in the fluid. 
The reduction of nitrite to am-
monia by rumen microorganisms 
and partial absorption of nitrite 
from the rumen are known to oc-
cur. These factors, together with 
factors discussed previously, great-
1 y reduce chances of significant 
amounts of nitrite reaching the ab-
omasum except when high levels 
of nitrate are involved. When the 
levels of nitrate are sufficient! y high 
to produce symptoms of an acute 
nitrate toxicity, the life of the ani-
mals is endangered and carotene 
losses become of secondary con-
cern. 
Nutritional Studies Using Rats 
Experiments were conducted in 
which rats, previously depleted of 
their body stores of vitamin A, 
were fed diets containing 3% of 
sodium nitrate or 0.5% of sodium 
nitrite. In addition, they were ad-
ministered various sources of vita-
min A or its precursor, carotene. 
Vitamin A was administered as an 
oil solution and as a water disper-
sion, both orally and by subcutan-
eous injection. Carotene, when 
· used, was given as an oil solution 
by stomach tube. The amount of 
vitamin A which was subsequently 
stored in the liver was determined 
for the rats on each treatment. 
The feeding of nitrite, but not 
nitrate, significantly lowered liver 
storage of vitamin A from orally 
administered sources of preformed 
vitamin A, but not from injected 
sources. Both nitrate and nitrite 
lowered liver storage of vitamin A 
from carotene, the greatest effect 
resulting from nitrite. In the vari-
ous groups in which an effect of ni-
trite or nitrate was observed, liver 
vitamin A storage was 14 to 42% 
lower than was found in the con-
trols. 
The nature of the results indi-
cate that the action of nitrite on vi-
tamin A in the rat occurred in the 
digestive tract. The rat is a mono-
gastric animal and immediate! y 
subjects its food to gastric digestion 
under acid conditions. Thus, re-
sults from this study can largely 
be explained on the basis of a di-
rect destruction of vitamin A or 
carotene by nitrite or nitrogen ox-
ides formed from it in the acid me-
dium found in the rat's stomach. 
However, the effect of nitrate in 
lowering liver vitamin A storage 
from a carotene source cannot be 
explained on this basis, since ni-
trate itself had no effect on carotene 
stability under a variety of condi-
tions. Further work in this area is 
needed. 
Nutritional Studies Using Cattle 
In an experiment involving 144 
yearling steers, rations containing 
approximately 80% ground shelled 
corn, 20% alfalfa hay, and various 
levels of protein and vitamin A 
were fed. In addition, one-half of 
the animals from each treatment 
were fed 1 % of sodium nitrate. 
Adding 1 % of sodium nitrate to 
the ration had a pronounced effect 
in lowering weight gains but ap-
peared to have no effect on vitamin 
A or carotene content of the blood 
or liver. The weight gain depres-
Authors Embry, left, and Emerick, check laboratory apparatus during the 
vitamin A and nitrate experiments. 
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sion due to the feeding of nitrate 
amounted to about 0.5 pound per 
head daily. Feeding additional vi-
tamin A or protein did not allevi-
ate this effect. Thus, there was no 
evidence in this experiment of any 
relationship between the nitrate 
content of the ration and the vita-
min A status of cattle. 
The ruminant animal ( cows, 
sheep, goats, etc.) first subjects its 
food to microbial breakdown in 
the rumen. Under these conditions, 
nitrate is converted to nitrite, with 
some of it being reduced further 
to form ammonia and even pro-
tein. Because of this and other fac-
tors discussed previous! y which 
would limit the amount of nitrite 
reaching the acid medium of the 
abomasum, it is to be expected that 
an effect of nitrite on the vitamin 
A status of cattle would not be as 
pronounced as the effect observed 
in the monogastric laboratory rat. 
In the rat studies discussed pre-
viously, an effect of nitrate on car-
otene utilization was obtained 
which appeared to be independent 
of the nitrite ( carotene destruc-
tion) effect. This effect was not ob-
served in cattle. However, the le-
vel of nitrate used in the cattle 
study was of necessity much lower 
than that used in the rat work (1% 
vs 3% ), since previous observations 
at this station have indicated that 
many cattle could not be expected 
to survive the toxicity of the higher 
level of nitrate. 
Nutritional Studies Using Sheep 
Sheep have often appeared to tol-
erate levels of nitrate higher than 
those which are toxic for cattle. 
Two experiments were conducted 
to determine the effect of nitrate on 
the vitamin A status of sheep. 
The first experiment involved 80 
sheep. Rations containing 2.5% of 
sodium nitrate appeared to cause a 
transient rise in plasma vitamin A 
levels. This occurred at approxi-
mate! y the middle of the 84-da y 
experimental period. Liver vita-
man A values were not determin-
ed, and no evidence of a nitrate 
toxicity was observed in this ex-
periment. 
In the second experiment, which 
involved 240 sheep, a 3% level of 
sodium nitrate was used. Twelve 
sheep were slaughtered from each 
of four treatment groups every 2 
weeks, and blood, and liver data 
were obtained from each slaugh-
tered animal. 
Only minor variations in plas-
ma vitamin A levels were observ-
ed. However, liver vitamin A val-
ues obtained during the latter part 
of the experiment for animals re-
ceiving sodium nitrate or sodium 
nitrate plus vitamin A were only 
about one-half as high as those 
obtained for corresponding groups 
not receiving the liodium nitrate. 
These values were 11.9 versus 6.4 
mcg./ gm. of liver for the control 
vs. nitrate treatments, and 25.5 vs. 
14.0 mcg./ gm. of liver for the vit-
amin A versus vitamin A plus ni-
trate treatments. Acute nitrate 
toxicity was evident in this exper-
iment with 7 sheep dying. All 
losses occurred during the first 3 
weeks of the experiment and sup-
plemental vitamin A offered no 
protection in this respect. 
No Effect on Weight Gain 
No significant effect of sodium 
nitrate (2.5 and 3% of rations) on 
weight gain was observed in ei-
ther of the two sheep experiments. 
This is in contrast with the weight 
gain reduction obtained in cattle 
by feeding 1 % of odium nitrate. 
That levels of nitrate approach-
ing acutely toxic levels can have 
an effect on the vitamin A status 
of sheep is indicated by the data 
obtained from these two experi-
ments. As discussed previously, 
however, the long-term effect of 
these high levels of nitrate on the 
vitamin A status of livestock ap-
pears to be of secondary impor-
tance in view of the immediate 
hazard, 1.e., the possibility of 
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death, which exists due to primary 
toxic effects. 
Summary 
Studies were conducted to ob-
serve the effect of nitrate on caro-
tene stability and the vitamin A 
status of animals. 
While nitrate had no effect on 
carotene stability under a variety 
of conditions, nitrite in an acid 
medium or nitrogen oxides form-
ed from it were found to cause 
carotene destruction. This action 
of nitrite or nitrogen oxides ap-
pears to be capable of causing a 
significant loss of carotene in 
some silages during the ensiling 
process and during storage, and 
also partially serves as an explana-
tion for the effect of nitrite on 
vitamin A storage in monogastric 
animals. However, a significant 
effect of nitrite on carotene sta-
bility could not be demonstrated 
under the conditions normally 
existing in the rumen. 
In feeding trials, 1 % of sodium 
nitrate caused a weight gain de-
pression in cattle, but appeared to 
have no effect on the vitamin A 
content of plasma or liver. Also, 
supplemental vitamin A did not 
overcome the weight gain depres-
sion observed in this experiment. 
When fed to sheep, 3% of so-
dium nitrate had no effect on 
weight gains, but tended to lower 
liver vitamin A stores. This level 
of nitrate was sufficient to cause 
some death losses in sheep. These 
losses were not prevented by feed-
ing supplemental vitamin A. 
The results of these experiments 
indicate that, although other 
mechanisms may be involved, tLe 
most important effect of nitrate 
on the vitamin A status of live-
stock is probably a result of the 
direct destruction of carotene in 
certain feeds prior to their con-
sumption by the animal. Further 
work is needed to obtain an esti-
mate of the economic importance 
of these losses. 
:~ir1r~,~~... S • . es Differ 
- Some of these tiny or;, · ms feed fro.1. 1..1.,..,~ .. v 
of plant roots. Others enter • · plant parts 
and feed on the inside. The head of all plant parasi-
tic nematodes is equipped with a spear or sty let 
(figure 4). This spear is used to puncture plant cells. A 
digestive substance is injected into the cell which 
partially digests its contents. The digested materials 
are then sucked into the nematode body for food. 
Nematodes which attack plant parts above 
ground cause swelling and distortion of sterns, crink-
ling and twisting of leaves and galls in the seed head 
containing young nematodes. These symptoms vary 
with the kind of nematode and the plant involved. 
When large numbers of nematodes attack the roots, 
the above ground parts of plants become stunted and 
yellowed . Their general appearance suggests poor 
nutrition and a lack of water. The symptoms are 
usually not specific for a particular nematode. 
Several Sym ptoms Involved 
Nematodes which attack plant roots cause galls, 
lesions, excessive root branching, swollen root tips, 
poor feeder root development, root discoloration, and 
rotting. The type(s) of symptoms produced depends 
on the kind of nematode and the plant involved. In-
jured roots may be damaged further by the invasion 
of soil-borne fungi and bacteria. 
sitic 
Ne odes which feed inside the plant part are 
easily as o iated with the diseases they cause. They 
penetrate t.\ie root, stern, leaf, or seed head of the 
plant to e~ d, and examination of the diseased part 
1 under a 1jcroscope readily reveals their presence. 
, " ,.ut'side" Feeders More Difficult to Control 
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' .~· .. ·todes feeding from the outside of roots are 
more difficult to associate with the diseases they 
cause. Removal of the plant from the soil leaves 
the nematodes in the soil. Therefore, they must be 
found in the soil to associate them with a disease. 
Two Methods Used to Remove From Soil 
Soil samples are taken near roots of diseased 
plants to determine the presence of nematodes 
(figure 1). The nematodes must be separated from 
the soil for observation. Two methods are commonly 
used to do this. 
One utilizes the movement of nematodes in 
water and the force of gravity to separate them 
from the soil. After the soil sample has been thor-
ough! y mixed, two teaspoonfuls of soil are placed on 
a tissue paper filter supported on a piece of wire 
screen in a funnel filled with water (figure 2). The 
nematodes move through the filter when the soil 
is flooded with water and settle to the bottom of the 
funnel. After 48 hours a small amount of water con-
taining nematodes is drawn from the funnel (figure 
3). The nematodes are then observed with the aid of 
a microscope. 
The other method utilizes a series of fine mesh 
screen to separate nematodes from the soil. The 
soil sample is mixed with water and heavy soil 
particles are allowed to settle. The remaining sus-
pension is pored through progressively finer mesh 
screens; that is, screens with more wires per inch. 
] 
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~ematodes 
• 
,n south dakota 
by J AMES McGUIRE 
fa rmer associate p1'ofessor 
of plant pathology 
Figure l. Below, left: Two teaspoonfuls of soil are 
placed on a tissue paper filter. 
Above: Sampling the soil for nematode analysis . 
Figure 2. Below, right: After 48 hours, nematodes are 
taken from funnel. 
Table 1. Plant Parasitic Nematode6 Commonly Found in South Dakota Soils 
from 1958 Through 1962 
Scientific name Common name 
Helicotylench-us spp. Spiral nematodes 
Last crop on area sampled 
alfalfa, bluegrass, corn, flax, native 
pasture, oats, soybeans, spring wheat, 
winter wheat 
l-Ieterodera schachtii* 
H eterodera spp. 
Hoplolaimus spp. 
Sugar b~et cyst nematode 
Cyst nematodes 
sugar beets 
native pasture, soybeanst 
Lance nematodes 
Paratylenchus spp. Pin nematodes 
Pratylenchus spp. Lesion nematodes 
Tylenchorhynchus spp. Stunt nematodes 
Xiphinema spp. Dagger nematodes 
•Found in several fields near Belle Fourche. 
1-Not soybean cyst nematode, Heterodern glycines. 
The nematodes collect on the screens relatively free 
from soil and are washed off for observation. If too 
much soil collects on the screens, the soil screenings 
may be placed on funnels in the manner described 
above to further separate the nematodes from the 
soil. 
Study Conducted in South Dakota 
An extensive survey for plant parasitic nema-
todes in soils throughout South Dakota was conduct-
ed in 1958-1959 and 1961-1962. Soil samples for ne-
matodes analysis were collected from most of the 
counties. Several genera and species of plant parasi-
tic nematodes were found in substantial numbers in 
samples from many fields where major crops were 
growing ( table 1). Paratylenchus spp., Pratylenchus 
spp., Tylenchorhynchus spp., Xiphinema spp. and 
Helicotylenchus spp. were found most frequently. 
High populations of these nematodes were some-
times associated with poor plant growth. 
Research is now underway in the field and in 
the greenhouse to determine the pathogenicity of 
these nematodes to South Dakota Crops and the 
effect their feeding has on yields of these crops. The 
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alfalfa, barley, bluegrass, corn, flax, 
native pasture, oats, soybeans, spring 
wheat, sugar beets, trees, winter 
wheat 
alfalfa, barley, bluegrass, corn, flax, 
native pasture, oats, soybeans, spring 
wheat, sugar beets, winter wheat 
alfalfa, barley, bluegrass, corn, flax, 
native pasture, oats, soybeans, spring 
wheat, winter wheat 
alfalfa, barley, bluegrass, corn, flax, 
native pasture, oats, rye, sorghum, 
soybeans, spring wheat, sugar beets, 
winter wheat 
alfalfa, barley, bluegrass, brome grass, 
corn, flax, native pasture, rye, sor-
ghum, soybeans, spring wheat, win-
ter wheat 
effects of several kinds of nematodes on small grains 
and on lawn grassses and the potential threats to the 
sugar beet crop by the sugar beet cyst nematode are 
problems receiving the most attention at the present 
time. 
Figure 3. Head end of a plant parasitic nematode mag-
nified approximately 600 times. 
Sanitation plus new bacterin bring 
Fewer Cases of fowl cholera 
by T. A. DoRSEY, assuciate professur uf veterinary scieuc.:c 
OUTBREAKS of fowl cholera diag-nosed at the Veterinary Sci-
ence Department have gradually 
decreased over the years. The high-
est number diagnosed was 105 in 
1950 compared to 16 in 1961. At 
the present rate, the number will 
be smaller in 1962. If these figures 
can be used as a guide, it is likely 
that the overall incidence of the 
disease in South Dakota has drop-
ped accordingly. Thus, it appears 
that fowl cholera is gradually be-
ing brought under control. 
A number of factors have con-
tributed to the lowered incidence 
of fowl cholera. To identify and 
assess the importance of any single 
reason would be difficult, but cer-
tain! y the employment of sound 
sanitation and management pro-
grams made necessary by a rapidly 
changing poultry industry, has 
been a major factor. Larger invest-
ment in equipment, feed, and flock 
has simply made disease control an 
economic necessity. Formerly, loss-
es resulting from disease in the av-
erage farm flock were absorbed as 
a part of the farm operation. Now, 
with flocks growing larger and a 
narrower profit margin, the poul-
tryman must maintain a healthy 
flock to stay in the business. 
New Bacterin Available 
Sulfonamide drugs and antibiot-
ics have been helpful in reducing 
losses in individual fowl cholera 
outbreaks, but it is not likely that 
these medicines have helped lower 
the incidence of the disease appre-
ciably. An effective fowl cholera 
bacterin which became available 
commercially in 1959, was devel-
oped and reported by United States 
Department of Agriculture scien-
tists, Heddleston and Hall, in 1958. 
A survey of South Dakota hatch-
erymen, made in October, 1960, 
showed that the new bacterin was 
being used widely in hatchery sup-
ply flocks. Fowl pox was the only 
disease for which more supply 
flocks were vaccinated. The wide 
use of this fowl cholera bacterin 
probably has been an important 
factor to lower the incidence rate, 
p rticularl y in the last 2 or 3 years. 
The survey also showed that the 
new bacterin had failed to give sat-
isfactory protection in a few flocks. 
Additional reports of failure have 
come from other sources. 
Started Studies Here in 1958 
The Veterinary Science Depart-
ment started research with the 
new type fowl cholera bacterin 
shortly after it was reported in 
1958. Two major differences were 
noted in the preparation of this bac-
terin. First, the bacterin cultures 
were killed with ethylene oxide in-
stead of formalin, which was used 
on the less effective whole culture 
bacterins and chicken embryo vac-
cines. Second, an adjuvant consist-
ing of a light mineral oil and an 
emulsifier ( mannide monooleate) 
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was mixed vigorous! y with the 
bacterin culture. This produced the 
bacterin culture, a white, creamy, 
water-in-oil emulsion. The ad-
juvant is thought to strengthen the 
immunizing action of the culture. 
Some believe the antigen, tp.e 
substance in the bacterin that stim-
ulates the production of immunity, 
is concentrated in the oil. Others 
believe the antigen is held in the 
water phase of the emulsion. In ei-
ther case, the antigen is released 
slowly over a long period. This 
permits the bird to produce a dur-
able and long lasting immunity. 
Heddleston and Hall reported it 
was their conviction that only type 
I strains of Pasteurella multocida, 
isolated from acute cases of fowl 
cholera, were necessary in the pro-
duction of fowl cholera bacterins. 
A study of strains of the bacterium, 
isolated from different cases of 
fowl cholera in South Dakota, was 
started in 1950. Immunization tri-
als with bacterins prepared from 
some of these strains showed that 
two different immunogenic types 
were causing the disease. This was 
reported in Farm and Home Re-
search, Fall, 1951. The report sug-
gested that these different types of 
P. multocida should be taken into 
consideration in the preparation of 
fowl cholera immunizing agents. 
Selection of strains belonging to 
the two types were based upon 
studies of previous investigators, 
who found that P. multocida 
strains could be divided into two 
main groups, depending upon dir 
ferences in their ability to ferment 
three carbohydrate substances-xy-
lose, arabinose, and dulcitol. Group 
I strains did not ferment xylose, 
but fermented arabinose and dulci-
tol. Group II strains, fermented xy-
lose, were variable in the fermen-
tation of arabinose, and did not fer-
ment dulcitol. The majority of 
strains causing fowl cholera in 
S:mth Dakota belong to group I. 
Imm unity Checked 
Immunization trials with the 
emulsion type bacterins were con-
ducted to test their effectiveness 
against P. multocida strains caus-
ing fowl cholera outbreaks in 
South Dakota and to determine 
whether bacterins prepared from 
either Group I or II strains would 
give cross protection against in-
fection with strains of the oppo-
site group. 
In the first experiment, emulsion 
type bacterins were prepared from 
group I, strain 420 and group II, 
strain 383. The hens, which were 
in production, were divided into 
two flocks . About equal numbers 
were vaccinated with each bacter-
in. A similar number of non vac-
cinated birds were kept for con-
trols. The hens were challenged 
3½ months later by inoculating 
each hen in the pallatine cleft with 
the challenge culture. One flock 
was challenged with group I strain 
438; the other flock was challenged 
with group II strain 376. Challenge 
infection with group II strain 376 
failed. The strain had lost its dis-
ease producing power or virulence 
and did not kill any of the hens 
or produce an observable reaction. 
The results of challenge with 
group I strain 438 are summarized 
in table 1 which shows accumu-
lated death losses. 
Bacterin prepared from group I, 
strain 420, conferred satisfactory 
protection against challenge infec-
tion with group I, strain 438. The 
bacterin prepared from group II, 
strain 383 gave only slight protec-
tion against the same challenge. 
This supports the earlier report in 
Farm and Home Research. 
Table 1. Challenge with Group I Strain 438 
Days after Death rate 
Challenge 2 3 4 5 6 7 8 9 10 % 
Bacterin 
420 ------ 0/21* 0/21 0/21 0/21 1/21 1/ 21 1/21 1/ 21 1/ 21 1/21 4,7% 
Bacterin 
383 ------ 7 /22 9/ 22 10/ 22 11 / 22 12 /22 13 /22 13/22 13/22 15/22 15/22 68.1 % 
Control __ 15 /27 20/ 27 21 /27 23/27 23/27 25 /27 25 /27 25/27 25/27 25/27 92.5% 
• First number: number of J eaths; second number: number in group. 
Table 2. Challenged with Group I Strain 470 
Days after Death rate 
Challenge 1 2 3 4 5 6 7 8 9 to 14 % 
Bacterin 
420 ----- 0/ 25* 0/25 0/25 0/25 0/25 0/25 0/25 0/25 0/25 1/ 25 4,0% 
Bacterin 
480 ____ J3/ 22 18/ 22 19/22 20/22 20/22 20/22 20/22 20/ 22 20/22 20/ 22 90.9% 
Control __ 17 / 24 22/ 24 23 /24 23 /24 23/24 23 /24 24 /24 24/24 24/24 24/24 100.0% 
• First number: n':lmber of deaths; second number: number in group. 
Table 3. Challenge with Group II Strain 483 
Days after Death rate 
Challenge 1 2 3 4 5 6 7 8 9 to 14 % 
Racterin 
420 ------ 0/25* 0/25 1/ 25 3/25 3/25 3/25 6/25 7/25 8/25 11/25 44.0% 
Bacterin 
480 ------ 0/24 0/24 0/ 24 0/24 0/24 0/24 0/24 0/24 0/24 0/24 0,0% 
Control __ 0/24 1/24 2/24 4/24 4/ 24 6/24 7/24 8/24 9/24 10/24 41.6% 
•First number: number of deaths; second number: number in group. 
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Emulsion Type Bacterins Used 
A second experiment with emul-
sion type bacterins was conducted 
to test and compared the immuniz-
ing ability of two experimental 
bacterins and a commercial bacter-
in against challenge infection with 
group I, strain 455. Bacterin pre-
pared from virulent group I, strain 
420 and the commercial bacterin 
gave good protection to laying 
hens. The bacterin prepared from 
group I, strain 21, which had lost 
its virulence. was slightly less ef-
fective. 
The third experiment was pat-
terned after the first, in another at-
tempt to determine whether bac-
terins prepared from either group 
I or II strains would give protec-
tion against challenge infection 
with the opposite strain. Turkeys 
were used in this experiment as 
they were found more susceptible 
to experimental fowl cholera than 
chickens. The bacterins were pre-
pared from group I, strain 420 and 
group II, strain 480. The turkeys, 
about three months of age, were 
divided into two flocks, and again, 
equal numbers were vaccinated 
with each bacterin. A similar num-
ber of non-vaccinated birds were 
kept for controls. Five weeks later 
the challenge infection was made 
in the same manner as described in 
the first experiment. One flock was 
challenged with group I, strain 
470; the other was challenged with 
group II, strain 483. Results of the 
challenge are summarized in tables 
2 and 3, which show the accumu-
lated death losses. 
Results show that each bacterin 
conferred protection against chal-
lenge infection with a P. multocida 
strain belonging to the same group 
from which the bacterin was pre-
pared. The bacterins did not give 
satisfactory cross protection against 
challenge infection with a strain 
belonging to the other group. 
Failures Explainable 
Possibly some failures of the new 
bacterin have happened because 
the strain or strains of P. multocida, 
used to prepare the bacterin, were 
of a different immunologic type 
from that causing the infection. A 
recent report by Heddleston show-
ed that another type of the bacter-
ium was responsible for the failure 
of a bacterin prepared from a type 
I strain. 
Additional Experiment Station 
research at the Veterinary Science 
Department has shown that the 
grouping of avian P. multocida 
strains on the basis of biochemical 
reactions cannot always be relied 
upon to indicate their immunolo-
gic nature. A recent immuniza-
tion trial was conducted in which 
a group II strain, used for challenge 
infection, showed immunologic 
characteristics of a group I strain. 
Similar findings have been report-
ed by other investigators who have 
worked mainly with mammalian 
strains. Research is continuing on 
the study of the immunologic na-
ture of strains of P. multocida that 
cause fowl cholera. 
What Materials Best for Swine House Slats? 
Wood, concrete and steel are all used for slats in 
swine house floors these days, according to Experi-
ment Station animal scientists. 
Wood is most commonly used in this country with 
oak being the most popular. Other hardwoods such as 
elm, hickory and maple can also be used. 
These woods are used while they are green. They 
are not treated since preservatives might irritate the 
pig's skin or feet. 
The scientists say the slats vary in width from 2 to 
5½ inches. Spacers are used to keep slats uniform in 
width. Wood slats wear rapidly especially around 
feeders and waterers and can be expected to last 2 to 5 
years. They cost about 45 cents a square foot of floor 
area. 
Concrete costs more initially than wood but less 
than steel. Good quality slats are more durable than 
19 
wood, and will be cheaper over a period of years. It is 
the most popular material used in Europe where 
slotted floors have been used for some time. They 
must be formed in such a way as to avoid rough and 
chipped edges and require good quality concrete that 
is properly cured. Generally the top is slightly arched. 
Protect them against drying for at least five days. Con-
crete slats must be adequately reinforced to support 
the concentrated weight of hogs. Cost for concrete 
slats ranges from 60 to 90 cents per square foot of 
floor area. 
Steel is smooth, cleans easily, but is the most ex-
pensive. It can be obtained in a steel mesh, "T" bars, 
"U" bars or slotted floors. While rusting has proved 
to be a problem, a special corrosion-resistant steel is 
being used and tested to eliminate this. Cost ranges 
from $1.60 to $2.00 per square foot of floor area. 

industrial Revolution 
II 
by B. J. CORROW 
associate 7Jrofessor of 
rural sociology 
WE cusTOMARILY REFER to the profound change in Western Society, result-ing from the introduction of power-drive machinery, as the industrial 
revolution. 
This "great transformation," as Karl Polyani phrased it,1 began in England 
about 1750 and has been accelerating ever since. There is no objection to 
the label used to designate the process as long as it is understood that an 
agricultural revolution preceded and made possible the industrial revolution 
of which it later came to be an integral part. The prerequisite change in ag-
ricultural production, consisting of improved livestock breeding, crop rais-
ing, and farm practices, permitted the accumulation of food and labor sur-
pluses necessary for the growth of cities and the tending of machines. 
The surplus of labor resulting from more efficient agricultural production 
was not immediately absorbed by the incipient industrial revolution and 
considerable distress occurred among displaced farm workers before 1800. 
This early technological displacement was largely a result of techniques 
(methods) rather than of technics (tools) and it was not until some time later 
that there was sufficient feedback from the real industrial revolution to re-
place agricultural workers with manufactured contrivances. The constantly 
improving agricultural techniques ( animal husbandry, new crops, chemical 
fertilizers, and insecticides) were permitted ever wider application by constantly 
improving mechanical techniques ( seeders, combines, internal combustion 
power), and the movement of people from the rural hinterlands to the urban in-
dustrial centers accelerated. 
It was both a push and pull movement with the surplus agricultural 
workers being forced off the farm by more productive methods and mecha-
nization while simultaneously being attracted toward real or fancied econom-
ic opportunities in the city. The process did not proceed smoothly, however; 
there were lags and dislocations. The English enclosure movement during the 
second half of the eighteenth century dangerously accelerated the process. 
In southern United States the "peculiar institution" of slavery and the 
Negroes' practical reenslavement under the Black Codes following Recon-
struction retarded the process. The abundance of free land in all the newer 
areas of the Western world checked the internal urban drift of population and 
encouraged immigration from abroad. ( continued on next page) 
1 Ka rl Polva ni, Th e Grea t Transformation, Rinehart and Com pa ny, Incorporated, N ew York , 1944 . 
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In the United States the rural-
urban shift of people did not get 
well under way until the disap-
pearance of the physical frontier 
about 1900. It reached its highest 
point during the great depression 
and drought of the 1930's when the 
states of Kansas, Nebraska, North 
Dakota, Oklahoma, South Dakota, 
and Vermont experienced abso-
lute losses in population. In the 
following decade the states of 
Oklahoma, North Dakota, Arkan-
sas, and Mississippi again experi-
enced losses. It will be observed 
that the above states are predomin-
antly agricultural in economy 
with few, if any, large metropoli-
tan areas to absorb the rural exo-
dus. The situation becomes even 
more meaningful when consider-
ation is given the traditionally 
high rural birth rate. 
Political and Social Effects 
The great urban trek was ac-
companied by a shift in the bal-
ance of power and influence to 
the newer centers of social gravity. 
The old landed aristocracy which 
had held undisputed sway in the 
Western World since the fall of 
Rome began to be challenged by 
the rising bourgeoisie. The ap-
prehensive gentry resisted and ob-
structed as best they could until 
they were made believers in the 
new order by a series of violent 
political revolutions which cul-
minated at Appomattox in 1865.2 
From then on the commercial, 
industrial, and financial interests 
have been in control with their 
most serious threat coming from 
the propertyless proletariat.3 More 
astute than their predecessors, 
however, the new rulers institut-
ed a series of social reforms which 
have been at least partially suc-
cessful in buying off the power as-
pirations of the organized indus-
trial worker up to the present 
time. 
Rural Effects 
Toward the rural populace, the 
industrial men of power pursued 
what Meadows called a policy of 
"unadulterated co 1 on i a 1 ism," 
draining the hinterland of "initia-
tive and enterprise."·1 Farm proper-
ty was subtly and deviously ex-
propriated; a matter of manipulat-
ed prices, loans, defaults, fore-
closures, and ev1ct10ns. While 
widespread distress resulted, or-
ganized protest was sporadic and 
desultory and no great wave of 
agrarian unrest developed. Under 
the spell of the Protestant ethic" 
and the urban press, the dispos-
sessed experienced more of a 
sense of personal failure rather 
than feeling themselves the vic-
tims of a capitalistic conspiracy. 
Actually, the small farmer's plight 
was and is a result of advancing 
agricultural technology with con-
comitant increased costs of pro-
duction necessitating large-scale 
enterprise and volume output. 
Year by year farms become larg-
er in size and smaller in number 
and all the subsidizing measures 
that paternalistic governments can 
devise fail to retard the process. 
The end product is depopulation, 
impoverishment of local institu-
tions, and general rural decay. 
Urban Effects 
At the same time, all is not well 
in the city. "Urban renewal" has 
become a stock phrase and in 
the United States, a federal De-
partment of Urban Affairs is in 
the offing to cope with the city's 
besetting problems. Strangling 
from its own growth, the city is 
becoming so unfit for human hab-
itation that thoughtful people 
question its ability to survive. His-
torically unable to reproduce it-
self, the city must continually re-
cruit from the more fertile 
countryside, while revolt against 
its ugliness expresses itself in cen-
trifugal sprawl and fingerlike pro-
22 
jections into suburban areas. Life 
is faster and therefore shorter in 
cities, and all the common in-
dices of personal and social dis-
organization are abnormally high. 
The truth of the matter appears 
to be that the industrial city in its 
present form is rapidly becoming 
obsolete. Its mononucleated struc-
ture dates from the application to 
machinery of water and steam 
power which had to be within a 
short distance of the factory. With 
modern communication and trans-
portation and ready availability of 
electric power, the decentraliza-
tion of both factory and office or-
ganization is not only good eco-
nomics, but good social policy. 
Perhaps the peculiar vulnerability 
of the modern city to nuclear at-
tack may furnish the added im-
petus necessary to overcome iner-
tia and the opposition of what 
Henry George termed "vested in-
terests"7 to the dispersion of busi-
ness enterprise. As a matter of 
fact, considerable progress has al-
ready been made in this direction. 
The Future 
The approaching wedding of 
nuclear power to automation will 
provide a much greater tech-
nical base for a thorough-going 
reorganization and decentraliza-
tion of all manner of business ac-
tivity. Under intelligent direction 
and control, this great change 
might lead to a rural rennaissance 
20n the latter point cf. Charl es A. Beard, An 
Economic Interpretation of the Constitution of 
the U11ited States, the Macmill an Company, 
New York, 1923. 
"They arc propertylcss in things that count; pro-
ducti ve tools. 
"Cf. Paul Meadows, The Culture of Industrial 
Man, University of ebraska Press, Lincoln , 
1950, p. 26. 
"Cf. Max Weber, The Protesta11t Ethic and tlie 
Spirit of Capitalism (translated by T alcott Par-
sons), George All en and Unwin, Limited, 
London, 1930. 
°ؖCf. Paul H . Landis and Paul K. H att, Popula-
tion Problems, American Book Company, N ew 
York , 1954, p. 206. 
7Cf. H enry George, Progress and Poverty (Var-
ious editions) . 
8Along this line cf. Lewis Mumford, The Cul-
ture of Cities, H arcourt, Brace and Company, 
lncorporated, ew York , 1938. 
which would liberate the human 
spirit from the congested confines 
of the city8 and restore to our 
country youth their rightful heri t-
age of spaciousness, fresh air, sun-
light, and the rhythmic succession 
of days and seasons. 
genial occupations in nearby 
healthful surroundings. To pro-
vide the necessary rationale and 
ease the transition in a practical 
·way, the whole concept of agricul-
ture could be expanded from its 
traditional image of merely grow-
ing food and fiber to embrace its 
allied branches of processing, serv-
ing, and supplying. The pro-
grams and curricula of the agri-
cultural divisions of our land-
grant institutions could be re-
oriented, revised, and implement-
ed on the firm foundation of theo-
retical and empirical research. For-
tunately, some progress has al-
ready been made along these 
lines.0 
traditional image of agriculture 
and to what degree the subsidiary 
industrial and commercial activites 
are being considered as congenial 
occupations by rural youth. It is 
possible that there is present! y a 
negative selectivity involved in the 
procurement of agricultural per-
sonnel with parents, teachers, 
school principals, and counselors 
steering the more capable youth 
away from agriculture because it is 
still narrowly perceived as purely 
farming or ranching. This possibil-
ity suggests itself as a significant 
hypothesis for future research so 
that a more realistic appraisal of 
the situation and appropriate ad-
justments can be made. 
Relocation First Step 
The logical first step in decen-
tralization would appear to be the 
relocation at economically stra-
tegic places of the secondary and 
tertiary industries which process 
food and fiberand supply and serv-
ice basic agriculture. This would 
not only provide a substantial seg-
ment of our urban population 
with better living conditions and 
greater productivity, but would 
also tend to absorb displaced 
American farm youth into con-
What we need to know is more 
specific information as to the 
strength and persistence of the 
°Cf. for instance 0. G. Bentley, "Curriculum 
Building in Agriculture," Today's Division of 
Agriculture, South Dakota State College, 
Brookings, Jul y 1962 . 
Specialists Pool Dairy Housing Ideas 
Ames, Iowa-Agricultural engineers and animal 
scientists from 13 Midwest colleges have pooled their 
ideas on design of dairy equipment and housing. The 
result is a 72-page book, "Dairy Equipment Plans and 
Housing Needs," which provides answers to many 
questions on milk production facilities. 
The book is both a plans book for construction and 
a planning guide. The book contains space and build-
ing needs for the dairy herd. It illustrates milking 
plants, stall barns, loose-housing setups, pen arrange-
ments and feed systems. Manure and waste disposal, 
windbreaks for snow and wind control, and loose-stall 
housing are among other topics covered. 
Construction plans in the book show how to build 
feeders, waterers, loading chutes, cable and plank 
fences, and gates. A reference section includes speci-
fications for concrete mixes, building materials~ and 
electric motors. 
The book was developed especially for milk pro-
ducers, but teachers and farm suppliers will welcome 
it as a dairy handbook. The book is published by the 
Midwest Plan Service at Iowa State University, a co-
operative farm plan design agency for 13 agricultural 
colleges in the Midwest. 
You can get "Dairy Equipment Plans and Hous-
ing Needs" for $1 from your County Extension Office, 
or the Extension Agricultural Engineer at South Da-
kota State College. 
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summary report 
Dairy Cattle 
Research 
at state college 
by EMERY A. BARTLE and How ARD H. VOELKER 
DAIRYMEN WHO RAISE herd re-placements, and particular! y 
purebred breeders, are constantly 
confronted with the problem of 
how to breed better dairy cattle. 
Milk production per cow has been 
improved in recent years, and de-
velopment of artificial breeding 
with the possibilities of using 
many bulls has decreased the tend-
ency to breed cattle of certain 
bloodlines. New techniques, such 
as development of frozen semen 
has made it possible to use many 
different bulls, or to extend the 
usefulness of a few "outstanding" 
bulls. 
In other species, such as in poul-
try, inbreds are developed and 
lines, even of different breeds, are 
crossed to introduce hybrid vigor. 
Some of this is also practiced in 
swine breeding. 
It seems possible to develop 
lines in dairy cattle, select the best 
animals within these, and ulti-
mately cross the inbred lines with 
desirable results. 
Various systems of breeding 
dairy cattle, then, may include line 
development and crossing of lines. 
It is possible to use a system of 
continuous outcrossing of females 
by artificial breeding to many 
different sires. In order to learn 
more about these systems of breed-
ing, a long-time research project 
was planned about 10 years ago. 
Research Plan 
The breeding plan involves the 
development of two inbred 
groups, varying in intensity of in-
breeding. The highest inbreds are 
produced by sire-daughter matings 
to increase inbreeding rapidly. 
The two lines were developed by 
using bulls with as high relation-
ship as possible to the famous Hol-
stein sires, Wisconsin Admiral 
Burke Lad, founder of the Burke 
line, and to Johanna Rag Apple 
Pabst, famous Rag Apple sire. 
Both of these sires were so popu-
lar that intense relations were 
available 30 and 40 years later. 
Each of these inbred lines are 
crossed when the inbreeding ex-
ceeds 30% to see if there is hy-
brid vigor and other desirable 
traits produced from crossing the 
lines. The highest inbred thus far 
produced is a female, 43.9% in-
bred. 
The project now involves 104 fe-
males and 11 males. It would be 
desirable to have more animafr 
per group, but barn space does not 
permit much increase. 
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An outbred control group of 
cows is carried along for compari-
son with the inbreds and line 
crosses. At present, this group of 
33 females are daughters of 14 
different sires who were, or are, 
used in a number of artificial 
breeding associations. They hav 
been highly selected for production 
and type. The cows are randomly 
mated to these bulls with no at-
tempt to use any special bloodlines. 
Only a few daughters are obtained 
from each sire. Comparisons are 
made of a large number of daugh-
ters with their dams, with the herd 
averages, and with the stablemates 
for production and type, and only 
bulls that have increased the merit 
of their daughters at a high level 
of performance are used. 
The R or Rag Apple line now 
has 29 females with an average in-
Emery A. Bartle, left, and Howard 
H. Voelker are associate professors 
of Dairy Science. 
breeding of 14.8% , with individ-
uals up to 43.9% inbred. The re-
maining 42 females are in the B 
or Burke line, which averages 
11 .6% inbred, ranging from O to 
31.3% . 
Milk Production 
Daily milk weights and month-
ly DHIR official production rec-
ords are kept on all milking cows. 
The milk production as well as 
the butterfat and milk-solids-not-
fat are summarized in table 1. 
Special emphasis is placed upon 
milk-solids-not-fat, currently of 
great demand in the dairy indus-
try. The production levels of the 
cows that started each group are 
listed for comparisons of trends 
in productioon. 
Present sire-daughter inbreds 
are producing 77.2% as much 
milk, 85.6% as much butterfat, 
and 76.6% as much milk-solids-
not-fat as the outbred control fe-
males resulting from use of high-
ly selected and proven sires in ar-
tificial insemination. These out-
bred control cows have improved 
2882 lbs. of milk per 305 day lac-
tation periods over the original 
group. 
Milk-solids-not-fat (SNF) per-
centage seems to have increased 
in all groups except the B line, 
sire-daughter inbreds. The SNF 
in milk varied from a low of 6.5 
to a high of 10.0% . Averages of 
all daughters of each sire varied 
from 7.97 to 9.46% SNF. One 
sire appeared to increase SNF by 
comparison of his daughters at 
9.46%, and their dams at 8.72, for 
an increase of 74% . Genetic stud-
ies of milk-solid-not-fat have 
shown heritabilities of 0.4 to 0.6. 
This high heritability and the 
range in SNF in different cows, 
and daughters of sires suggests 
that selection for improved SNF 
would be effective. 
Trends in Production 
In 1958 the first inbreds started 
milking and control daughters by 
many sires were coming into pro-
Table 1. Average Production of Cows According to Breeding Groups 
(Records Are 305 Day, Twice Daily Milking, Mature Equivalents) 
Milk Milk 
Milk solids- solids-
produced Butterfat Butterfat not-fat not-fat 
Group descriptions (lbs.) (lbs.) (%) (lbs.) (%) 
Original outbred control group __________ 13,607 474 
573 
450 
529 
520 
451 
452 
471 
3.48 
3.48 
3.41 
3.83 
3.77 
3.48 
3.87 
3.55 
1,189 8.74 
Present outbred controls ___________ _____________ 16,489 1,533 9.30 
Original R line, cows . ___ __ ____ __ ________________ 13,207 1,128 8.54 
Present R line, sire-daughter inbreds ____ 13,810 1,284 9.30 
R line, less highly inbreds ____ __ __ _______ __ __ 13,789 1,299 9.42 
Original B line cows ___ _____ __ ____ _____ __ ____ __ 12,968 1,167 9.00 
Present B line, sire-daughter inbreds __ __ 11,665 1,048 8.98 
B line, less highly inbreds _________ __ ____ __ ____ 13,250 1,214 9.16 
Table 2. Average Type Cb:.sification 
Sire-daughter 
Breeding group Cows Heifers s :res used type* 
Original outbred control___ _______ ______ ____ __ __ ____ 78.8 81.3 
89.4 
85.1 
78.5 
78.5 
81.1 
82.0 
82.0 
Present outbred control___ ___ ____ ___________________ __ 79 .1 82 .9 
73.1 
79.9 
84.5 
78.4 
78.4 
R line original cows __________ ______ __ ________________ 79 .4 
R line sire-daughter inbreds ____________________ 73.5 
R line, not highly inbred ______ __ ____ __ ____ ______ __ 76.5 
B line, original cows ____ __ ________________ ______ ______ 79.9 
B line, sire-daughter inbreds ____ ________________ 73.0 77.0 
80.8 
79.9 
79.9 B line, not highly inbred _______________________ __ 79.6 
*Sire's da ughter average in private herd s-from H olstein Association Greenbook. 
duction. The production of the 
outbred controls has increased 
rapidly during this period. The 
level of production is higher than 
the other groups. 
Production of the linebred cows 
not by sire-daughter matings has 
not increased, but tends to be 
somewhat lower in the past year. 
Several cows with udder injuries 
and others with irregular calvings 
contributed to this decrease. 
Production of the highest in-
breds, both groups averaged to-
gether, continued at a lower level 
all years since 1958. 
Type Classification 
This research herd has been 
regularly classified by an official 
classifier of the Holstein-Friesian 
Association of America. Table 2 
shows the average type scores of 
the various breeding groups. 
Sire-daughter mated inbreds av-
erage 73.5 and 73.0 in type com-
pared to 79.1 in the controls, 76.5 
and 79.6 in the line cows, not 
highly inbred . The type of heifers 
that are highest inbred also appears 
to be low. 
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In the control group, the sires 
classify higher than do line sires. 
It has not been possible to develop 
better type sires for the lines. 
There are no excellent type cows 
in the lines to become dams of 
sires, whereas, most of the dams 
and sires of the ~ontrol bulls are 
classified excellent. 
It is interesting to note that 
daughters of control cows in the 
experimental herd average 79.1 
points. In other herds, these same 
sires have daughter averages of 
84.5. This suggests that either of-
ficial classifiers of the breed as-
sociation have scored daughters of 
the same bulls relatively low in 
the experimental herd, or there 
could have been culling of poor-
er type cows in other herds before 
classifying. This would raise the 
average of the daughters. Cows 
were not culled or fitted before 
classifying in any of the experi-
mental groups, as is often done in 
private herds. 
In the experimental herd the 
type scores ranged from 60 to 86. 
The highest inbred cow, ( 43.9% 
inbred) scored the lowest. 
Growth, Body Weight 
Inbreds by sire-daughter mat-
ings grow more slow 1 y than the 
other line animals and consider-
ably slower than outbred controls. 
The inbreds average 90 to 109 lbs. 
lighter in body weight at 12 and 
18 months than the controls. 
Two-year old heifers by sire-
daughter mating average 1190 lbs. 
compared to 1243 lbs. for the oth-
er line cows, and 1232 lbs. for the 
outbred controls. These differences 
in body weights were statistically 
significant. Sufficient data are not 
yet available to determine if even-
tual body weights are lower at 
maturity for highly inbred cows 
than for control cows. 
In young calves at three months 
of age, data on 206 calves, includ-
ing both males and females shows 
that sire-daughter inbreds gained 
1.26 lbs. daily from birth. Outbred 
controls gained 1.57 lbs., and other 
line calves gained 1.55 lbs. This is a 
difference of about .3 lb. slower 
daily gain in inbred calves. 
Losses of Ca Ives 
As inbreeding of Holsteins in-
creased, death losses increased. 
During the past year most of the 
inbreds were 31 % or more inbred. 
Six out of 13 calves were born dead 
or died, being weak at birth, for a 
loss of 46%. On the other hand, of 
the 21 line calves not closely inbred, 
and of the 15 outbred control 
calves, only one calf died, for a loss 
of less than 3%. 
During the past 10 years, 406 
calves were born; 123 calves were 
by sire-daughter matings. Of these, 
38 were stillborn, many were weak 
at birth and soon died, or were 
victims of pneumonia, or other 
diseases, for a loss of 30.9%. Dur-
ing this period out of 169 other 
line calves, 26 died (15.4%). One 
hundred fourteen outbred control 
calves were born, with a loss of 
10.5%. Using individual hutches to 
isolate calves, and providing more 
fresh air, sunshine reduced total 
losses. Improved care of the calves 
has reduced losses and unthrifty 
calves. 
For comparative purposes all 
calves born in the College herd in 
the past 26 years were studied. A 
total of 1386 calves of all breeds 
were born. Of these, 265 were lost, 
through all causes, making a loss 
of 19 .1 %. These losses were not 
abnormally high, compared to 
data from experiment station herds 
in other states. 
Field Plots Viewed at Agronomy Farm 
This group was part of the more than 200 persons who 
attended the Agronomy Field Day at South Dakota 
State College earlier in the summer. 
South Dakota stockmen are in need of a grass crop that 
will continue to make good growth and provide pas-
ture during the warm summer months. Agronomists at 
South Dakota State are working on varieties that are 
suited for this purpose. Here J. G. Ross, plant geneticist 
pointed out to field day visitors an experimental switch-
grass variety S.D. 10 that may fill this gap in the pas-
ture program. 
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Wheat breeder D. G. Wells, left, showed the crowd some 
winter wheat he has crossed with a wheat grass in an 
attempt to beef up winter hardiness. Here graduate stu-
dent Verlin Soeder, Watertown, right, and Wells do 
some handwork on a wheat plant to complete the cross 
breeding task. 
Dr. Bentley 
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I would like to refer to some comments made by Dr. John Thompson, Ex-
tension Economist, in a speech he made earlier this year. They are well worth 
repeating: 
"To take advantage of change, you as farmers, need to study and analyze 
the conditions and trends of the past, along with the underlying forces that have 
caused them. You need also to consider whether these forces and trends will 
continue. You should analyze the past and future demand and supply conditions 
in relation to your particular kind of production. 
"What are some of these trends? Between 1950 and 1960 there was an annual 
decline in farm population of over 700,000 people per year. Number of farms 
dropped from 5.6 to 3.7 million. By 1970 we expect to have about 2½ million 
farms. Of these, 1 million will be producing over 90% of all agricultural products. 
"Another important trend is the increase in consumption. Total population 
is now about 188,000,000 persons. By 1975 it will be 240,000,000. About 30,000,000 
customers will be added to the market for agricultural products in the next 7 
years. In terms of income, this increase in population should add over 6,000,000,-
000, to the $35 billion now received from farm marketings. 
"In 1950 there was 1 farm-unit for every 26 people in the nation. In 1960, it 
was 1 for every 48 and by 1970 it is estimated that the_ratio will be nearly 1 to 85. 
"Another important trend is the large number living on farms receiving 
non-farm income. In 1960, for example, 32% of the farm males reported major 
occupations other than farming. 
"When considering the future of agriculture and the conditions of it today, 
we need to think of the relative position of family income for the rural farm, 
rural non-farm, and urban population. The rural farm population has enjoyed 
quite a remarkable increase in median family income from 1949 to 1959, from 
$1,729 to $3,238. But this is still only about half as high as the 1959 urban income, 
$6,166. 
"You need also to consider the role of foreign markets in agriculture's future. 
Consider for example that in 1960-61 over 50% of the wheat, 40% of the cotton, 
and 56% of the rice, was exported. Average exports from 1950-60 have increased 
by 75% . In 1960 foreign shipments amounted to about 155% of the total agri-
cultural output. You are living in a world community and the markets for your 
products will be greatly affected by what happens in the common market and 
by what happens in the smaller developwg nations of the world. 
"The substantial increase in marketing costs of your particular products is 
another important trend. In 1950, for instance, out of about 41 billion dollars 
spent on food, almost half went to you and the remainder was the marketing bill. 
Comparing this with 1960, over 60 billion dollars of farm products were pur-
chased but marketing costs amounted to about 40 billion of that leaving about 
20 billion for you, the farmer. 
"Considering the trends, it is obvious that the future of agriculture, as is true 
of any segment of the economy, will depend on the quality of your thoughts of 
today and tomorrow. You must therefore study the past trends and the forces 
causing these trends in order to take advantage of change. You cannot play it 
safe by failing to plan any more than you can play it safe by failing to plant your 
crop. The future holds or.portunities, but it also presents some challenging 
problems." 
ORVILLE G. BENTLEY 
Dean of Agriculture and 
Director, Agricultural Experiment Station 
27 
le 
&s 't~ .-., 
J. I. lcCatty 
Animal Husbandry 
Ag. Hall 
:~tage, $300 
it No. 1141 
